WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

C12N 15A2, A61K 397395, 38/16, 48/00 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 99/42585 

26 August 1999 (26.08.99) 



(21) International Application Number: PCT/US99/03908 

(22) International Filing Date: 23 February 1999 (23.02.99) 



(30) Priority Data: 

09/028,716 



24 February 1 998 (24.02.98) US 



(71) Applicant: SISTERS OF PROVIDENCE IN OREGON 

[US/US]; Providence Portland Medical Center, 4805 N.E. 
Glisan Street, Portland, OR 97213 (US). 

(72) Inventor: WEINBERG, Andrew, D.; 3266 S.W. Fairmount 

Boulevard, Portland, OR 97201 (US). 

(74) Agent: EARP, David, J.; Klarquist, Sparkman, Campbell, 
Leigh & Whinston, LLP, One World Trade Center, Suite 
1600, 121 S.W. Salmon Street, Portland, OR 97204 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR f 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GD, 
GE t GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, 
KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, 
MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ, TM, TR, TT, UA, UG, UZ, VN. YU, ZW, 
ARIPO patent (GH, GM, KE, LS, MW, SD, SZ, UG, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, 
BJ, CF, CG. CI, CM, GA, GN, GW, ML, MR, NE, SN, 
TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: COMPOSITIONS CONTAINING AN OX-40 RECEPTOR BINDING AGENT OR A NUCLEIC ACID ENCODING THE 
SAME AND METHODS FOR ENHANCING ANTIGEN-SPECIFIC IMMUNE RESPONSE 




Days After Tumor Inoculation 



(57) Abstract 

Compositions and methods for enhancing the immune response of a mammal to an antigen by engaging the OX-40 receptor on the 
surface of T-cells are disclosed, comprising administering to the mammal a composition comprising a purified OX-40 receptor binding 
agent and a pharmaceutically acceptable carrier, wherein said composition is administered to the mammal such that the OX-40 receptor 
binding agent is presented to T-cells of the mammal during or shortly after priming of the T-cells by the antigen. Such compositions and 
methods can be used in immunization and cancer treatment. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senega] 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BC 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 99/42585 



-1- 



PCI7US99/03908 



COMPOSITIONS CONTAINING AN OX-40 RECEPTOR BINDING AGENT OR A NUCLEIC ACID 
ENCODING THE SAME AND METHODS FOR ENHANCING ANTIGEN-SPECIFIC IMMUNE RESPONSE 

Field of the Invention 

5 This invention relates to methods and compositions for generating enhanced 

immune responses in animals, particularly in human and non-human mammals. The 
invention also relates to production of compositions and materials for use in the methods, 
for example to related vaccines, cells, plasmids, viral and other vectors, and preparations 
derived therefrom. Other aspects of the invention will be apparent from the following 
10 description. 

Background of the Invention 

It is known that many receptor-ligand interactions are involved in the induction, 
establishment and modulation of immune responses directed against antigens. At least 

1 5 two signals are necessary to activate a CD4 or CD8 T-cell response to antigen 

(Lenschow et al., 1 996). The first signal is delivered through the T-cell receptor (TCR) by 
an antigen (typically a peptide) bound to a major histocompatibility (MHC) class I or II 
molecule present on the surface of an antigen presenting ceil (APC). The second signal 
involves the binding of a ligand present on the surface of the APC to a second receptor 

20 molecule on the surface of the T-cell. This second signal is termed co-stimulation, and 
the APC ligand is often referred to as a co-stimulatory molecule. The best characterized 
second signal is delivered via an interaction between the CD28 receptor on the T-cell, 
and its ligands B7.1 or B7.2 on the APC, although a number of other examples of 
receptor/co-stimulatory molecule interactions have been described. 

25 In combination, the two signals activate the T-cell, which in turn secretes 

cytokines and proliferates. In the case of CD4 T-cells, the activated cells (designated 
CD4 + ) produce cytokines, including IL-2 and IFNy, which activate killer (CD8 + ) T-cells at 
the site of inflammation. Once CD4 T-cells are activated, another receptor, CTLA-4 is 
expressed, which is homologous to CD28 and binds B7 molecules with a higher affinity 

30 than CD28. The B7/CTLA-4 interaction inhibits the activation signal of CD28 and 
delivers a negative signal that may down-regulate T-cell responses (Krummel et al., 
1996; Walunas et al., 1996). This down-regulation mechanism may serve to prevent 
excessive immune system responses, for example by decreasing the amount of cytokines 
produced during an inflammatory event. Concurrently, however, it may also down- 

35 regulate the number of T-cells that go on to become "memory cells". Reducing the 

number of memory cells means that fewer such cells will be available to respond to the 
same antigen the next time it is encountered. However, there are a number of situations 
where it would be advantageous to maintain, rather than down-regulate, an active T-cell 
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response. Cancer patients, for example, would benefit from maintaining an active T-cell 
response against tumor cells. The concept of vaccination requires that a population of 
memory T-cells which recognized the administered antigen be maintained. 

Another receptor/ligand combination that has been proposed to play a role in co- 
5 stimulation of CD4 T-cells is the OX-40 receptor/OX-40 ligand pairing. While the CD28 
receptor is present on the surface of many sub-classes of T-cells (irrespective of whether 
they are activated or not), the OX-40 receptor ( U OX-40 M ) (Paterson et a!. 1987; 
Calderhead et al., 1993) has been shown to be present only on antigen activated CD4 + 
T-cells in vivo (Weinberg et al., 1994; 1996). Thus, it has been shown that OX-40 is 

10 present on activated CD4+ T-cells that recognize autoantigen at the site of inflammation 
in autoimmune disease, but not in the peripheral blood system (Weinberg et al, 1994; 
1996). OX-40 has also been shown to be present on the surface a percentage of CD4* 
T-cells isolated from tumor infiltrating lymphocytes and draining lymph node cells 
removed from patients with squamous cell tumors of the head and neck and melanomas 

1 5 (Vetto et al., 1 997). The OX-40 ligand, a member of the tumor necrosis factor (TNF) 
superfamily, has been shown to co-stimulate T-cells which have been activated with an 
anti-CD-3 antibody (i.e., in a nonantigen-specific manner) (Godfrey et al., 1994). Beyond 
its general co-stimulatory function however, the biological role of the OX-40 
receptor/OX-40 ligand interaction in the immune response pathway is, to date, unknown. 

20 

Summary of the Invention 

This invention provides in certain of its aspects compositions and methods which 
can be used to enhance and maintain the immune response of a mammal towards a 
chosen antigen. While prior procedures have attempted to boost the immune response 

25 generally, compositions and methods disclosed herein are specifically targeted to T-cells 
which have recently been activated in response to a particular antigen (so-called "memory 
cells 0 ) or T-cells which are in the process of such priming. In particular, the effects of 
the methods disclosed herein are believed to include increasing the number of memory T- 
cells, thereby enhancing the response of the immune system to a specific (chosen) 

30 antigen. 

Underlying the invention are findings (1) that engagement of the OX-40 receptor 
on CD4 + T-cells especially for example during, or shortly after, priming of such cells by 
antigen, can result in an increased response of the CD4 + T-cells to that antigen and (2) 
that the elevated response to that antigen can be maintained for a period of time 
35 substantially longer than in the absence of such an engagement. As a result, increasing 
the immune response by providing molecules which engage the OX-40 receptor, e.g. 
during T-cell priming, can markedly increase the resistance of an animal to disease, by 
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boosting T-cell recognition of antigens presented by infectious agents, such as bacteria 
and viruses, as well as tumor cells. 

Accordingly, the present invention provides among other things the use of an 
OX-40 receptor binding agent, or of a nucleic acid encoding an OX-40 receptor binding 
5 agent, in the manufacture of a pharmaceutical composition for enhancing immune 

response against an antigen in a mammal, which is either a tumour antigen, or an antigen 
for which the composition is administered so as to present the OX-40 receptor binding 
agent to T-cells of the mammal during or shortly after priming of the T-cells by the 
antigen. 

10 The OX-40 receptor binding agent can be selected from 0X-40L, anti-OX-40 

antibodies (e.g. a monoclonal antibody such as a humanized monoclonal antibody), and 
immunologically effective portions of anti-OX-40 antibodies. 

The antigen can be selected from viral antigens, bacterial antigens and tumor 
antigens. 

1 5 Also according to the invention, a purified OX-40 receptor binding agent and a 

pharmaceutical^ acceptable carrier can be used in the manufacture of a pharmaceutical 
composition for enhancing the immune response of a mammal to an antigen by 
administering the composition to the mammal to present the OX-40 receptor binding 
agent to T-cells of the mammal during or shortly after priming of the T-cells by the 

20 antigen, e.g. about 3-7 days after administration of the antigen. 

The technique can be applied to enhancing the immune response of a mammal to 
a tumour cell in the mammal. 

One form in which the invention can be carried out is by the use of a nucleic acid 
encoding an OX-40 receptor binding agent that is localised on the surface of a cell (e.g. 

25 by possessing a suitable transmembrane sequence), in the manufacture of a composition 
for introducing the nucleic acid into a cell and enhancing the immunogenicity of the cell, 
e.g. a tumor cell. 

The nucleic acid can if desired further encode a second protein, e.g. one selected 
from major histocompatibility complex proteins, cytokines, interferons and immune- 
30 system co-stimulatory molecules. 

The nucleic acid encoding the OX-40 receptor binding agent can be made part of 
a viral or plasmid vector, e.g. a viral vector based on an adenovirus, retrovirus or 
herpesvirus. The viral vector can be an attenuated or disabled virus. 

According to a further aspect of the invention a nucleic acid which encodes an 
35 OX-40 receptor binding agent that is localised on the surface of a cell, along with tumor 
cells from a mammal, can be used in the manufacture of a pharmaceutical composition 
for stimulating the immune response of a mammal to a tumor in the mammal by (a) 
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removing tumor cells from the mammal; (b) attenuating the removed tumor cells; (c) 
introducing the nucleic acid into the attenuated tumor cells; and (d) administering the 
thus-treated attenuated tumor cells containing the nucleic acid molecule to the mammal. 
The OX-40 receptor binding agent in this aspect can be OX-40L The tumor cells can be 
5 attenuated prior to or after introducing the nucleic acid molecule. 

In an alternative manner of carrying out the invention, a nucleic acid which 
encodes an OX-40 receptor binding agent that is localised on the surface of a cell can be 
used, along with T-cells from a mammal, in the manufacture of a pharmaceutical 
composition for enhancing the immune response of a mammal to an antigen, by 

10 removing T-cells from the mammal, incubating the removed T-cells ex vivo with an 
OX-40 receptor binding agent, and returning the thus-treated T-cells to the mammal. 
Again, the mammal may have a tumor, and the antigen can be a tumor antigen. 

More generally, an OX-40 receptor binding agent or a nucleic acid encoding an 
OX-40 receptor binding agent can be used in the manufacture of a pharmaceutical for 

15 enhancing immune response against a tumor in a mammal by increasing the amount of 
OX-40 receptor binding agent at the tumor site. 

The invention in other aspects also provides inter alia tumor cells that have been 
transformed with a nucleic acid encoding an OX-40 receptor binding agent that is 
localised on the surface of the cell, and compositions comprising cell membranes isolated 

20 from such cells. 

The invention further provides compositions with the features and for the 
purposes set forth herein, and methods of making and using those compositions. 

In one example of the invention, made for comparison with administration of 
certain tumor cells to animals which alone result in 100% lethality, administration of 

25 molecules which engage the OX-40 receptor along with the tumor cells protected the 
animals from the tumor cells. 

Without intent to be bound by theory, one possible explanation of the mechanism 
underlying this discovery is depicted in Fig. 1 of the accompanying drawings. Figure 1 
schematically illustrates the role of CD4 T-cells in the immune system. Naive T-cells 

30 (i.e., those not previously exposed to antigen) in the spleen or lymph nodes differentiate 
into activated cells ("effectors") in response to antigen. As discussed above, the 
activation requires presentation of antigen in the context of an MHC molecule, together 
with a co-stimulatory molecule. Co-stimulatory molecules characterized to date, such as 
the B7 molecule, are believed to act at the naive/effector cell transition. After activation, 

35 a substantial subset of these effector cells is proposed to produce cytokines and, through 
a feed-back mechanism which may involve certain T-cell receptor/ligand interactions 
(e.g., CTLA-4/B7), subsequently undergoes programmed cell death. The remaining 
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subset of T-cells expands and goes on to become memory cells, ready to respond to 
future exposures to the antigen. It is believed that co-stimulation of T-cells by 
engagement of the OX-40 receptor during this period can increase effector T-cell function 
and also increase the proportion of antigen-specific activated CD4 + T-cells which remain 
5 after the initial antigen exposure and which eventually adopt a memory phenotype. 

Thus, it is proposed that, in contrast to conventional co-stimulatory molecules which act 
at the naive/effector cell transition, OX-40 ligands act at the effector/memory cell 
transition. Therefore, the methods of the present invention, which involve engagement 
of the OX-40 receptor, serve to increase the proportion of effector cells which go on to 

10 become memory cells. By increasing this population of cells, the present and future 
ability of the immune system to respond to that specific antigen is enhanced and this 
enhanced response capability is maintained for a significantly longer period of time. In 
contrast, previously described methods of enhancing the immune response by providing 
co-stimulatory molecules make use of co-stimulatory molecules, such as B7, which act at 

15 the naive/effector cell transition (see, for example, European Patent Application EP 0 733 
373 (Bristol Myers Squibb: L Chen et al: Compositions and methods for increasing the 
immunogenicity of tumor cells by administration of B7 and CD2-transfected cells)). It is 
believed that enhancement of the population of antigen-specific memory cells has not 
heretofore been disclosed, but rather enhancement of an initial immune response. 

20 Methods for enhancing the immune response as described here are believed to be able to 
produce good enhancement of the immune response by boosting the population of 
antigen-specific memory T-cells. 

It is emphasized that this is only one possible explanation for the invention 
disclosed and claimed herein; regardless of the actual mechanism, the administration of 

25 molecules which engage the OX-40 receptor during antigen activation is provided hereby 
and can confer significant immunological benefit. 

Molecules which can engage the OX-40 receptor are herein referred to as OX-40 
receptor binding agents. 

Thus, in one aspect the present invention provides a method for inducing or 

30 enhancing an immune response mediated by CD4 + T-cells against an antigen, which 
comprises delivering to CD4 + T-cells during, or shortly after, antigen priming has 
occurred in vivo, an OX-40 receptor binding agent. Compositions for use in such a 
method which comprise an OX-40 receptor binding agent and a suitable carrier are also 
provided. 

35 OX-40 receptor binding agents useful in the present invention include the OX-40 

ligand, functional domains of the OX-40 ligand, such as the extracellular domain, either 
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alone or conjugated to other peptide domains, e.g. as fusion proteins, and antibodies 
with anti-OX-40 receptor specificity. 

Such OX-40 receptor binding agents can be used to induce or enhance a CD4 + 
T-cell mediated immune response against a wide variety of antigens, including viral 
5 antigens, bacterial antigens and tumor antigens. In one aspect of the invention, OX-40 
receptor binding agents can be used to enhance the immune response of an animal to an 
antigen. 

Thus, the present invention further provides a method of enhancing the immune 
response of an animal to an antigen, comprising administering to the animal a 

10 composition comprising a purified OX-40 receptor binding agent and a pharmaceutical^ 
acceptable carrier, wherein said composition is administered to the animal such that the 
OX-40 receptor binding agent is presented to T-cells of the mammal during or shortly 
after priming of the T-cells by the antigen. The process of T-cell priming by an antigen in 
mammals is considered to take place within about 3-7 days following delivery of antigen. 

1 5 "Shortly after priming" thus generally refers to a time period of about 3-10 days following 
administration of antigen. 

According to a further aspect of the present invention, the OX-40 receptor 
binding agent can be administered to a mammal for example up to approximately 10 
days after, more typically about a week after, and preferably about 3-7 days after, 

20 administration of an antigen preparation in order to enhance the CD4 + T-cell mediated 
immune response of the mammal against the administered antigen. The exact timing is 
believed often not to be critical. 

The present invention also provides methods for enhancing the immune response 
of a mammal to a tumor. In one such method, the immune response of a mammal to a 

25 tumor is stimulated by administering to the mammal a therapeutically effective dose of a 
purified OX-40 receptor binding agent. 

Vaccine compositions encompassed by the invention include one or more 
antigens and a therapeutically effective amount of an OX-40 receptor binding agent. As 
noted above, the antigen may be selected from the group consisting of tumor antigens, 

30 bacterial antigens and viral antigens. Where the vaccine includes a viral antigen and 
where the viral antigen is delivered by means of an attenuated or replication-defective 
virus, the OX-40 receptor binding agent may be provided by means of a nucleic acid 
molecule encoding the agent inserted into the viral genome, such that it is expressed in 
the cells of the mammal to which the vaccine is delivered. Where the vaccine includes a 

35 bacterial antigen delivered by means of an attenuated bacterium or a preparation of 
bacterial antigens, the OX-40 receptor binding agent may be provided by means of a 
nucleic acid molecule encoding the agent, which nucleic acid molecule is contained and 
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expressed within the bacterial cell. Similarly, where the vaccine includes a tumor antigen 
preparation, such as tumor cell membranes, the OX-40 receptor binding agent may be 
provided by means of a nucleic acid molecule encoding the agent, which nucleic acid 
molecule is expressed within the tumor cell prior to disruption of the cell for vaccine 
5 preparation. The antigen and a material providing an 0X40 receptor binding agent can 
be delivered to the animal either separately or together: the period of time referred to as 
shortly after priming refers to physiologically effective contact, which may occur after 
physical administration especially where what is administered is a composition that 
indirectly provides the 0X40 receptor binding agent in vivo, e.g. the nucleic acid 

10 mentioned above. 

A further aspect of the invention is the provision or enhancement of OX-40 
receptor binding agent expression in cell, such as an antigen presenting cell (APC), e.g., a 
tumor cell. Expression of OX-40 receptor binding agent in an APC may be achieved by 
delivering into the cell a vector carrying a nucleic acid sequence encoding the agent, 

1 5 wherein expression of the nucleic acid sequence results in levels of expression of the 

agent that are higher than those in a comparable cell lacking the vector. Suitable vectors 
for delivering and expressing the OX-40 receptor binding agent are well known in the art 
and include plasmid vectors and viral vectors, such as adenovirus, herpesvirus and 
retrovirus vectors. In certain embodiments, the vector may carry one or more additional 

20 nucleic acid sequences which encode antigens against which an immune response is 
desired. Thus, one aspect of the invention is a method for enhancing the 
immunogenicity of a cell, the method comprising introducing into the cell a nucleic acid 
molecule encoding an OX-40 receptor binding agent, such that the OX-40 receptor 
binding agent is expressed on the surface of the cell. 

25 In another aspect of the invention, the APC may be a tumor cell removed from a 

mammalian subject. In this respect, the invention is useful for enhancing a mammal's 
immune response against tumor cells present in its body. In one embodiment of the 
invention, tumor cells are removed from a mammal. A vector expressing the OX-40 
receptor binding agent is then introduced into the removed cells, which are then returned 

30 to the mammal. Preferably, the tumor cells are attenuated prior to re-introduction to the 
patient; mechanisms for attenuating tumor cells are well known and include, for example, 
irradiation. The result of this procedure is that the re-introduced attenuated tumor cells 
simultaneously present both tumor antigens and the OX-40 receptor binding agent to 
CD4 T-cells, resulting in an elevated CD4+ T-cell mediated immune response against 

35 tumor cells in the body of the mammal. Since certain tumor cells evade the body's 

immune system by down-regulating expression of antigen-presenting MHC molecules, it 
may be advantageous to introduce into the removed tumor cells not only a vector which 
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expresses the OX-40 receptor binding agent, but also a vector which expresses an MHC 
molecule, preferably an MHC class II molecule. In certain embodiments of the invention, 
a single vector which expresses both the OX-40 receptor binding agent and the MHC 
molecule may be introduced into the tumor cells. Thus, in another aspect of the 
5 invention, a method for stimulating the immune response of a mammal to a tumor in the 
mammal is provided, wherein the method comprises: (a) removing tumor cells from the 
mammal; (b) attenuating the removed tumor cells; (c) introducing into the attenuated 
tumor cells a nucleic acid molecule which encodes an OX-40 receptor binding agent such 
that the OX-40 receptor binding agent is expressed on the surface of the attenuated 

10 tumor cells; and (d) administering a therapeutically effective dose of a preparation of the 
attenuated tumor cells containing the nucleic acid molecule to the mammal. 

The present invention also provides novel methods of adoptive immunotherapy in 
which the immune response of a mammal to an antigen is enhanced by removing T-cells 
from the mammal, incubating the removed T-cells ex vivo with an OX-40 receptor 

1 5 binding agent, and returning the T-cells to the mammal. Such a method may be 

particularly beneficial for the treatment of cancer patients. The invention also provides a 
method for enhancing the immune response of an animal against a tumor, comprising 
increasing the amount of an OX-40 receptor binding agent at the tumor site (i.e., the area 
of the body including and immediately adjacent to the tumor). Increasing the amount of 

20 OX-40 receptor binding agent may be achieved by administering to the tumor site a 
composition selected from the group consisting of OX-40 receptor binding agents and 
nucleic acid molecules encoding OX-40 receptor binding agents. 

The invention is further described by way of example but not with intent to limit 
the scope of the invention thereby, in the description, figures of the accompanying 

25 drawings, and examples set forth below. 

Brief Description of the Drawings 

Figure 1 is a schematic representation of a proposed mechanism of immune 
system CD4 T-cell activation and response. 
30 Figure 2 is a graph showing the effect of engaging the OX-40 receptor on T-cell 

proliferation in vitro. 

Figure 3 is a graph showing a comparison of the levels of IL-2 produced by T- 
cells restimulated with APCs expressing either MHC class II alone, MHC class II plus B7.1 
or MHC class II plus OX-40 ligand. 
35 Figure 4 is a graph illustrating the protective effect of administering OX-40 

receptor binding agent to mice inoculated with tumor cells. 
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Figure 5 is a graph showing the protective effect of adoptive transfer of 
splenocytes from mice inoculated with OX-40 receptor binding agent and tumor cells into 
naive mice subsequently challenged with tumor cells. 

Figure 6 is a graph showing the protective effect of administering an OX-40 
5 receptor binding agent to mice inoculated with in vivo passaged tumor cells. 

Figure 7 is a graph showing that the protective effect of the OX-40 receptor 
binding agent against in vivo passaged tumor cells is dependent on the dose of OX-40 
receptor binding agent administered. 

Figure 8 is a graph showing the protective effective of vaccinating mice with 
10 irradiated tumor cells expressing OX-40 receptor binding agent and MHC class II. 

Figure 9 shows photomicrographs of breast cancer biopsies from two patients 
with staining to show localisation of lymphocytes and OX40R+ cells, relevant to 
treatment of such cancers by methods described herein. 

Figures 10-14 are graphs showing survival of animals in the experiments of 
15 Examples 6-9 below. 

Detailed Description 
1 . Definitions 

To facilitate review and understanding of the invention as described herein, the 

20 following definitions of terms are provided: 

OX-40 receptor: a protein (also variously termed ACT-4 and ACT35) expressed 
on the surface of antigen-activated mammalian CD4+ T-cells (Weinberg et al., 1994, 
1996; WO 95/1 2673 (Stanford Univ & Becton Dickinson: W Godfrey et al); Latza et ah, 
1994). DNA sequences encoding mouse, rat and human OX-40 receptor homologs have 

25 been cloned and sequenced (Mallet et al., 1990; Calderhead et al., 1993; Latza et al., 
1994; WO 95/12673 (supra)). 

OX-40 ligand: a protein (also variously termed gp34 and ACT-4-L) expressed on 
the surface of certain mammalian cells (such as antigen presenting cells CAPCs")) which 
specifically interacts with the OX-40 receptor (the protein as such but not its function 

30 was described in Miura et al., 1 991 ; WO 95/21 91 5 (Stanford Univ: Godfrey et al) 

identified the human protein and its function, using the designation ACT-4-L; and U.S. 
Patent No. 5,457,035 (Immunex: PR Baum et al.) described a murine protein of 
corresponding function). Genes encoding the OX-40 ligands from mouse and human 
have been cloned and sequenced (U.S. Patent No. 5,457,035 (supra); Miura et al., 

35 1991; Godfrey et al., 1994). The OX-40 ligand includes intracellular, transmembrane 
and extracellular domains; a functionally active soluble form of OX-40 ligand ("soluble 
OX-40 ligand") may be produced by deleting the intracellular and transmembrane 
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domains as described in U.S. Patent No. 5,457,035 and WO 95/21915. A functionally 
active form of OX-40 ligand is a form that retains the capacity to bind specifically to the 
OX-40 receptor; methods of determining the ability of an OX-40 ligand molecule or 
derivative to bind specifically to the OX-40 receptor are discussed below. Methods of 
5 making and using the OX-40 ligand and its derivatives are described in WO 95/21915 

(supra), which also describes proteins comprising the soluble form of OX-40 ligand linked 
to other peptides, such as human Ig Fc regions, that can be produced to facilitate 
purification of OX-40 ligand from cultured cells, or to enhance the stability of the 
molecule after in vivo administration to a mammal (see also U.S. Patent No. 5,457,035). 

10 As used herein, the term "OX-40L" includes the entire OX-40 ligand, soluble OX- 

40 ligand, and fusion proteins comprising a functionally active portion of OX-40 ligand 
covalently linked to a second protein domain. Also included within the definition of 0X- 
40L are OX-40 ligand variants which vary in amino acid sequence from naturally 
occurring OX-40 ligand molecules but which retain the ability to specifically bind to the 

15 OX-40 receptor. Such variants are described in U.S. Patent No. 5,457,035 and WO 
95/21915 (supra). 

OX-40 receptor binding agent: an agent which binds substantially only to an OX- 
40 antigen present on the surface of antigen activated mammalian T-cells, such as 
activated CD4 + T-cells. As used herein, the term "OX-40 receptor binding agent" 

20 includes anti-OX-40 antibodies and OX-40L. 

The term "anti-OX-40 antibodies" encompasses monoclonal and polyclonal 
antibodies which are specific for OX-40, i.e., which bind substantially only to OX-40 
when assessed using the methods described below, as well as immunologically effective 
portions ("fragments") thereof. Preferably, the anti-OX-40 antibodies used in the present 

25 invention are monoclonal antibodies (or immunologically effective portions thereof) and 
preferably humanized monoclonal antibodies (or immunologically effective portions 
thereof). Immunologically effective portions of monoclonal antibodies include Fab, Fab 1 , 
F(ab') 2 , Fabc and Fv portions (for a review, see Better and Horowitz, 1989). In the 
present invention, immunologically effective portions of monoclonal antibodies are 

30 preferably portions including a heavy chain domain. Humanized forms of anti-OX-40 
monoclonal antibodies and immunologically effective portions of anti-OX-40 antibodies 
are described in WO 95/12673 and WO/95/21915 (supra), along with methods which 
may be employed to produce such antibodies. Anti-OX-40 antibodies may also be 
produced using standard procedures described in a number of texts, including 

35 "Antibodies, A Laboratory Manual" by Harlow and Lane, Cold Spring Harbor Laboratory 
(1988). 
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Methods of making humanized monoclonal antibodies are well known, and 
include for example those described in U.S. Patent Nos. 5,585,089 (Protein Design: CL 
Queen et al.; "Humanized Immunoglobulins"), 5,565,332 ("Production of Chimeric 
Antibodies-A Combinatorial Approach"), 5,225,539 (Med Res Council: GP Winter; 
5 "Recombinant Altered Antibodies And Methods Of Making Altered Antibodies"), 

5,693,761-762 (Protein Design: CL Queen et al.; "Polynucleotides Encoding Improved 
Humanized Immunoglobulins", and "Humanized Immunoglobulins"), and 5,530,101 
(Protein Design: CL Queen et al.; "Humanized Immunoglobulins"), and references cited 
therein. 

10 Similarly, methods of making and using immunologically effective portions of 

monoclonal antibodies, also referred to as antibody fragments, are well known and 
include for example those described in Better and Horowitz (1989) ("Expression of 
Engineered Antibodies and Antibody Fragments in Microorganisms"); Better et al. (1990) 
("Production and Scale-Up of Chimeric Fab Fragments from Bacteria"); Glockshuber et al. 

15 (1990) ("A Comparison of Stategies to Stabilize Immunoglobulin F v Fragments"); and U.S. 
Patent Nos. 5,648,237 (Genentech: PJ Carter; "Expression of Functional Antibody 
Fragments"), 4,946,778 (Genex: RC Ladner et al; "Single Polypeptide Chain Binding 
Molecules"), and 5,455,030 (Enzon: RC Ladner et al; "Immunotherapy Using Single Chain 
Polypeptide Binding Molecules"), and references cited therein. 

20 Various formulations of OX-40L may be used as OX-40 receptor binding agents 

in the present invention, including the entire OX-40L molecule, soluble 0X-40L, and 
fusion proteins in which, for example, the extracellular domain of 0X-40L is covalently 
linked to a second protein domain. The second protein domain may serve a number of 
functions, including enhancing the activity of 0X-40L, facilitating purification, or 

25 increasing the stability of the protein in the body. In such fusion proteins, 0X-40L, 

preferably as an extracellular domain or other active fragment thereof or the mutein of 
such a domain or fragment, is fused with a suitably chosen protein such as a blood 
protein or fragment thereof corresponding to suitably chosen blood proteins of the 
subject to be treated. The specific example described below involves a fusion between 

30 OX-40L extracellular domain and a polypeptide representing a constant domain of human 
IgG, particularly the CH2 and CH3 domains of IgG. Preferably such fusions will include a 
hinge amino acid sequence region corresponding to a hinge region of the IgG in which 
preferably any cysteine residues have been mutated to non-sulfur amino acid residues, 
such as alanine or glycine. It is preferred to have the N-terminal of the OX-40L partial 

35 sequence follow on in the fusion protein from the C-terminal of the IgG partial sequence, 
optionally with a spacer sequence intervening. But the opposite arrangement can also be 
useful and is also encompassed within the scope of the invention. An alternative 
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example of a fusion partner involves use of domains 3 and 4 of the CD4 sequence in 
place of the CH2 and CH3 regions of IgG. Such fusion proteins can be made in any 
suitable heterologous expression system, and, where appropriate, the DNA encoding the 
fusion protein can also encode a known secretory signal sequence suitable for the host 
5 cell system employed so that the DNA is translated into a protein that at first includes 
the secretory signal and the cleavage sequence but is then transported out of the cell 
without such ancillary sequences. 

An example of a recombinant form of 0X-40L is OX-40L:HuFclgG in which the 
extracellular domain of OX-40L is fused to the heavy chain of human IgG. The 

10 production of such fusion proteins is described in U.S. Patent No. 5,457,035. By way of 
example, the OX-40L: HuFcIgG fusion used in the experiments described below was 
produced as follows. The fusion protein OX40L:huFclgG was expressed in the well- 
known CHO cell expression system, using G418 selection and the known pGEM-T 
cloning vector system. A leader sequence comprising a secretory signal appropriate to 

15 the CHO cell expression system was constructed using synthetic oligonucleotides, and 
annealed and ligated to form an approximately 90 bp fragment. Following assembly, the 
DNA was excised from an agarose gel and amplified in a PCR reaction using specific 
primers to generate Hindlll and Xhol sites at the termini. The leader was then cloned into 
the pGEM-T cloning vector to form a product vector comprising the leader sequence. 

20 The leader sequence further included bases to encode 7 amino acid resides derived from 
the antibody heavy chain sequence to provide a site for cleavage of the signal peptide. A 
sub-sequence from a human lgG1 gene (cDNA) comprising hinge, CH2 and CH3 domains 
was PCR-cloned with the introduction of Xhol and Pstl sites at the 5' and 3' ends 
respectively, to allow ligation to the leader and human OX40L sequences. Following 

25 cloning into pGEM-T, a Xhol - Pstl fragment was isolated, and ligated into the vector 

comprising the leader sequence as mentioned above (after that vector had been digested 
with Xhol and Pstl), to form a further result vector comprising leader sequence and 
hinge-CH2-CH3 regions. The extracellular domain of the human OX40L gene was PCR 
cloned with the introduction of Pstl and Hindlll sites at the 5' and 3* ends respectively, 

30 and ligated into the cloning vector pGEM-T. Clones of the correct orientation were 
selected, so that digestion with Pstl alone led to the release of a gene fragment 
containing OX40L and polylinker sequence at the 3' terminus. This fragment was then 
ligated into the Pstl site of the previous result vector, thereby forming a vector encoding 
the wanted leader-lgG-OX40L fusion construct. The gene construct was then isolated as 

35 a Hindlll fragment and transferred to an expression vector containing a hCMV promoter 
to drive expression, and a neoR selectable marker. Clones were screened for inserts in 
the correct orientation, and then grown up for transfection. This construct was used to 
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transfect CHO cells, and positive CHO clones were selected using G418; fusion protein 
secretion was detected by incubation of supernatants with OX40-transfected Sp2/0 
myeloma cells and detection of binding by flow cytometric analysis. High level secreting 
cells were bulked up and fusion protein form the supernatant purified on a protein G- 
5 Sepharose column. Eluted material was run on a SDS-PAGE (12%) gel and the gel 

stained with Coomassie blue to confirm purity. For human OX-40 sequence rACT-4-h- 
V), refer to WO 95/1 2673, and for human OX-40L sequence ('ACT-4-h-1-L'), refer to 
WO 95/21915 and documents referred to therein. Other peptides which may usefully be 
fused to the OX-40 receptor binding agent include soluble MHC class II molecules, other 
10 co-stimulatory molecules such as B7.1 and B7.2, and T-cell emhancing cytokines such as 
IL-2. 

The determination that a particular agent binds substantially only to the OX-40 
receptor may readily be made by using or adapting routine procedures. One suitable in 
vitro assay makes use of the Western blotting procedure (described in many standard 
15 texts, including "Antibodies, A Laboratory Manual" by Harlow and Lane). To determine 
that a given OX-40 receptor binding agent, such as a selected fragment of the soluble 
OX-40L, binds substantially only to the human OX-40 protein, total cellular protein is 
extracted from human cells that do not express the OX-40 antigen, such as a non- 
lymphocyte cell (e.g., a COS cell or a CHO cell) transformed with a nucleic acid molecule 
20 encoding OX-40. As a negative control, total cellular protein is also extracted from 
corresponding non-transformed cells. These protein preparations are then 
electrophoresed on a non-denaturing polyacrylamide gel. Thereafter, the proteins are 
transferred to a membrane (for example, nitrocellulose) by Western blotting, and the 
agent to be tested is incubated with the membrane. After washing the membrane to 
25 remove non-specifically bound agent, the presence of bound agent is detected by the use 
of an antibody raised against the test agent conjugated to a detection agent, such as the 
enzyme alkaline phosphatase; application of the substrate 5-bromo-4-chloro-3-indolyl 
phosphate/nitro blue tetrazolium results in the production of a dense blue compound by 
immuno-localized alkaline phosphatase. Agents which bind substantially only to human 
30 OX-40 will, by this technique, be shown to bind to the human OX-40 band (which will 
be localized at a given position on the gel determined by its molecular weight) in the 
extract from OX-40 transformed cells, whereas little or no binding will be observed in the 
extract from non-transformed cells. Non-specific binding of the agent to other proteins 
may occur and may be detectable as a weak signal on the Western blots. The non- 
35 specific nature of this binding will be recognized by one skilled in the art by the weak 

signal obtained on the Western blot relative to the strong primary signal arising from the 
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specific agent/human OX-40 protein binding. Ideally, an OX-40 receptor binding agent 
would not bind to the proteins extracted from the non-transformed cells. 

In addition to binding assays using extracted proteins, putative OX-40 receptor 
binding agents may be tested to confirm their ability to bind substantially only OX-40 
5 receptor in vivo by conjugating the agent to a fluorescent tag (such as FITC) and 
analyzing its binding to antigen activated CD4 + T-cell and non-activated T-cell 
populations by Fluorescence Activated Cell Sorting (FACS). An agent which binds 
substantially only the OX-40 receptor will stain only activated CD4+ T-cells. 

Transformed: A transformed cell is a cell into which has been introduced a 

10 nucleic acid molecule by molecular biology techniques. As used herein, the term 

transformation encompasses all techniques by which a nucleic acid molecule might be 
introduced into such a cell, including transfection with viral vectors, transformation with 
plasmid vectors, and introduction of naked DNA by electroporation, lipofection, and 
particle gun acceleration. 

15 Isolated: An "isolated" biological component (such as a nucleic acid or protein) 

has been substantially separated or purified away from other biological components in 
the cell of the organism in which the component naturally occurs, i.e., other 
chromosomal and extrachromosomal DNA and RNA, and proteins. Nucleic acids and 
proteins which have been "isolated" thus include nucleic acids and proteins purified by 

20 standard purification methods. The term also embraces nucleic acids and proteins 
prepared by recombinant expression in a host cell as well as chemically synthesized 
nucleic acids. 

Purified: The term purified does not require absolute purity; rather, it is intended 
as a relative term. Thus, for example, a purified OX-40 ligand preparation is one in which 
25 the OX-40 ligand is more pure than the ligand in its natural environment within a cell. 
Preferably, a preparation of an OX-40 ligand is purified such that the OX-40 ligand 
protein represents at least 50% of the total protein content of the preparation. 

Operably linked: A first nucleic acid sequence is operably linked with a second 
nucleic acid sequence when the first nucleic acid sequence is placed in a functional 
30 relationship with the second nucleic acid sequence. For instance, a promoter is operably 
linked to a coding sequence if the promoter affects the transcription or expression of the 
coding sequence. Generally, operably linked DNA sequences are contiguous and, where 
necessary to join two protein coding regions, in the same reading frame. 

Recombinant: A recombinant nucleic acid is one that has a sequence that is not 
35 naturally occurring or has a sequence that is made by an artificial combination of two 
otherwise separated segments of sequence. This artificial combination is often 
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accomplished by chemical synthesis or, more commonly, by the artificial manipulation of 
isolated segments of nucleic acids, e.g., by genetic engineering techniques. 

Mammal: This term includes both human and non-human mammals. Similarly, 
the term "patient" includes both human and veterinary subjects. 

5 

2. Compositions and Methods of Enhancing 

Antigen Specific Immune Response In Animals 

The enhancement of an antigen-specific immune response in a mammal by 
engaging the OX-40 receptor on CD4 T-cells during or after antigen activation can be 

10 accomplished using a wide variety of methods. The method of choice will primarily 
depend upon the type of antigen against which it is desired to enhance the immune 
response, and various methods available are discussed below. Whatever method is 
selected, the purified OX-40 receptor binding agent should be administered to the animal 
such that it is presented to T-cells of the animal during or shortly after priming of the T- 

1 5 cells by the antigen. Since the activation of T-cells generally takes place within about 3 - 
7 days after an antigen is presented to the immune system, it is generally preferable to 
administer the OX-40 receptor binding agent to the animal by the selected method within 
about 7 days after the immune system of the animal is exposed to the antigen. Where 
the OX-40 receptor binding agent is administered simultaneously with the antigen, it may 

20 be advantageous to administer a form of the agent which has enhanced stability (i.e., 

increased half-life) in the body so that the agent will remain in the circulatory system for 
a sufficient period of time to engage with OX-40 receptor during or after antigen priming. 
Forms of OX-40 receptor binding agent having such enhanced stability include fusion 
proteins comprising the soluble OX-40 ligand fused to, for example, the constant region 

25 of human IgG. To determine the half-life of any selected OX-40 receptor binding agent, 
standard methods may be used. For example, after administration of the agent by 
intravenous injection, a small blood sample is removed from the animal, with subsequent 
samples being taken every 6-24 hours over the period of about 10 days. Thereafter, the 
concentration of the agent present in each sample is determined (e.g., using standard 

30 immunological quantification methods, such as those discussed in Harlow & Lane, 1988, 
e.g., ELISA). The half-life of the agent is defined as that time point at which the 
concentration of the agent falls to 50% of that in the first sample measurement. 

In some situations, for example where the antigen is presented to the immune 
system over an extended duration (for example, in cancer patients), the OX-40 receptor 

35 binding agent may be administered more than 7 days after the immune system is 

exposed to the antigen. For example, following surgical removal of a primary tumor from 
a patient, an OX-40 receptor binding agent may be administered to enhance the immune 
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response to tumor antigens present on metastases, thereby promoting the clearance of 
such metastases from the body. In such a situation, administration of the OX-40 
receptor binding agent will usually occur more than 7 days after the immune system of 
the patient was first exposed to the tumor antigens, but will nevertheless be present 
5 when the antigens are being presented to T-cells. 

While the molecule which engages the OX-40 receptor will typically be a protein, 
such as an anti-OX-40 antibody or an OX-40 ligand, the preparation administered to the 
mammal may take a number of forms, including a preparation of a purified OX-40 
receptor binding agent, a nucleic acid molecule which encodes the OX-40 receptor 

10 binding agent, a cell or a virus which expresses the OX-40 receptor binding agent, or a 
preparation derived from such a cell or virus. 

In its simplest form, the preparation administered to the mammal is an OX-40 
receptor binding agent, administered in conventional dosage form, and preferably 
combined with a pharmaceutical excipient, carrier or diluent. Suitable pharmaceutical 

1 5 carriers may be solids or liquids, and may include buffers, anti-oxidants such as ascorbic 
acid, other polypeptides or proteins such as serum albumin, carbohydrates, chelating 
agents and other stabilizers and excipients. Suitable solid carriers include lactose, 
magnesium stearate, terra alba, sucrose, talc, stearic acid, gelatin, agar, pectin, acacia 
and cocoa butter. The amount of a solid carrier will vary widely depending on which 

20 carrier is selected, but preferably will be from about 25mg to about 1g per dose of active 
agent. Suitable liquid carriers include neutral buffered saline, optionally with suitable 
preservatives, stabilizers and excipients. The carrier or diluent may also include time 
delay material well known to the art such as, for example, glycerol distearate, either 
alone or with a wax. The foregoing examples of suitable pharmaceutical carriers are only 

25 exemplary and one of skill in the art will recognize that a very wide range of such carriers 
may be employed. Liposome-based delivery systems may also be employed to deliver 
OX-40 receptor binding agents. Liposome-based systems, which may be employed to 
provide a measured release of the agent over time into the bloodstream, are well known 
in the art and are exemplified by the systems described in U.S. Patent Nos. 4,356,167 

30 (Sandoz: LA Kelly; "Liposome drug delivery systems"), 5,580,575 (ImaRx: EC Unger et 
al.; Therapeutic drug delivery systems"), 5,595,756 (Inex Pharm and Univ of BC: MB 
Bally et al.; "Liposomal compositions for enhanced retention of bioactive agents") and 
5,188,837 (Nova Pharm: AJ Domb; "Lipospheres for controlled delivery of substances"), 
and documents cited therein. 

35 The formulation of the OX-40 receptor binding agent with a pharmaceutical 

carrier can take many physical forms, but is preferably a sterile liquid suspension or 
solution, suitable for direct injection. Preferably, the patient will be administered the OX- 
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40 receptor binding agent in a formulation as described above (i.e. in combination with a 
pharmaceutical carrier), wherein the formulation includes a clinically effective amount of 
the agent. 

As used herein, "a clinically effective amount" is an amount that results in a 
5 clinically significant effect. This nature of this effect will van/ with the clinical context in 
which the OX-40 receptor binding agent is being used, for example, whether the agent is 
being administered as a therapeutic (e.g., to treat an infectious disease, or cancer) or as 
a prophylactic (e.g., as a vaccine). In the therapeutic context, if the OX-40 receptor 
binding agent is being administered to a cancer patient, it will be appreciated that any 

10 improvement in the patient's condition is clinically significant. Hence, in such a situation, 
"a clinically effective amount" encompasses amounts of the OX-40 receptor binding 
agent that result in at least partial remission of the cancer as well as amounts which 
slow or limit the further progression of the cancer. Similarly, in the therapeutic context 
where the agent is being used to enhance the immune response of a patient to an 

1 5 infectious agent, such as a virus or a bacterium, where the patient is already infected 
with the agent, a clinically effective amount is an amount that results in a clinically 
significant effect, meaning an effect which results in some degree of remission of the 
infection or the clinical symptoms. 

In the prophylactic context, such as vaccination, a clinically effective amount of 

20 an OX-40 receptor binding agent is an amount sufficient to provide an enhancement of 
the immune response to the target antigen, i.e., to produce an immune response greater 
than would be presented absent administration of the OX-40 receptor binding agent. 
Ouantification of the immune response arising from a vaccination may be achieved in any 
standard way, e.g., measurement of serum antibody titer for level and/or duration against 

25 any convenient test antigen, and/or lymphoproliferation in response to test antigen in 
vitro. 

It will be appreciated that a clinically effective dose of an OX-40 receptor binding 
agent will vary depending upon the actual OX-40 receptor binding agent being used (e.g., 
whether it is a soluble OX-40 ligand or an anti-OX-40 antibody fragment), the clinical 

30 context (e.g., whether the agent is being used therapeutically or prophylactically), the 
characteristics of the patient (age, weight, other medications being taken, etc.) and, in 
the therapeutic context, the severity of the condition. Thus, the assessment of a 
clinically effective dosage will ultimately be decided by a physician, veterinarian, or other 
health care worker familiar with the patient. Typically, administering OX-40 receptor 

35 binding agent to a mammal according to the methods of the present invention will 

involve administration of from about 10 ng to 1 g of OX-40 receptor binding agent per 
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dose, with single dose units of from about 10 ug to 100 mg being commonly used, and 
specific dosages of up to 1 mg or 10 mg also being within the commonly used range. 

For therapeutic applications, the OX-40 receptor binding agent may be 
administered to a patient through a number of routes, including intravenously or, where 
5 the patient has a tumor, directly into the tumor site. The agent may be the sole active 
ingredient in the composition, or it may be combined with other agents having a 
beneficial effect, such as an interferon or other immune-stimulatory molecules. 

In the prophylactic (vaccine) context, the OX-40 receptor binding agent may be 
administered to an animal in combination with a conventional vaccine preparation, such 

10 as a vaccine preparation comprising bacterial or viral antigens. The OX-40 receptor 

binding agent may be combined with the conventional vaccine, or may be administered 
as a separate preparation along with the conventional vaccine. As noted above, the 
selection of an appropriate OX-40 receptor binding agent will be made to ensure that the 
agent remains in the circulatory system long enough to engage OX-40 receptors on T- 

15 cells during antigen priming (i.e., about 3-7 days after administration of the antigen). 
Preferably, where the OX-40 receptor binding agent is administered separately, it is 
administered within about a week of the vaccine being administered. Conventional 
vaccine preparations suitable for use in the present invention include those prepared with 
purified bacterial antigens, heat killed bacteria, subunit vaccines and viral vaccines based 

20 on live or attenuated virus. 

Where the OX-40 receptor binding agent is administered to the mammal in a 
single preparation with the vaccine antigens, the preparation may be formulated simply 
by mixing a clinically effective amount of an OX-40 receptor binding agent to the antigen 
preparation. Alternatively, the OX-40 receptor binding agent may be produced along 

25 with the antigen. For example, where the antigen to be administered as a vaccine is a 

bacterial antigen or a mixture of bacterial antigens, the bacterium from which the antigen 
preparation is prepared may be a transgenic bacterium which expresses the OX-40 
receptor binding agent. In such a situation, the OX-40 receptor binding agent is directly 
obtained in combination with the bacterial antigens. Similarly, vaccines comprising tumor 

30 antigens and OX-40 receptor binding agent may be prepared from tumor cells which 

express the OX-40 receptor binding agent. Methods of expressing proteins such as OX- 
40 ligand in transgenic prokaryotic and eukaryotic cells are well known and are described 
in standard laboratory texts such as Sambrook et al. (1988). 

In other embodiments, the present invention contemplates that the immune 

35 response of a mammal to a particular antigen may be enhanced by administering to the 
mammal a nucleic acid molecule which encodes an OX-40 receptor binding agent. Such 
a nucleic acid molecule is preferably administered either within a cell, or as part of a viral 
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genome, but may also be administered directly as a "naked" nucleic acid molecule. For 
example, a nucleic acid molecule encoding an OX-40 receptor binding agent may be 
introduced into an attenuated bacterium (i.e., a form of the organism which does not 
cause significant disease when administered to a mammal) in a plasmid vector such that 
5 the OX-40 receptor binding agent is expressed on the surface of the bacterium. The 
bacterium may be administered to the mammal in the same manner as a conventional 
attenuated bacterium vaccine. Alternatively, the nucleic acid molecule encoding the OX- 
40 receptor binding agent may be introduced into the genome of a virus that is used as a 
live attenuated vaccine. Attenuated viruses include those in which an essential gene has 

10 been deleted, as described in U.S. Patents Nos. 5,665,362 and 5,837,261 (Cantab 

Pharmaceuticals: Inglis et al.). Viruses suitable for this purpose include DNA viruses, such 
as adeno, herpes, papova, papilloma and parvo viruses, as well as RNA viruses such as 
poliovirus and influenza virus. Methods of preparing viruses carrying heterologous 
nucleic acid sequences that may be used as viral vaccines are described in U.S. Patents 

15 Nos. 5,665,362 and 5,837,261 (supra), 5,338,683 (Health Research: E Paoletti) and 
5,494,807 (E Paoletti). 

In another embodiment, a nucleic acid encoding an OX-40 receptor binding agent 
may be introduced into a tumor cell. In many cancer patients, the tumor cells escape 
detection by the immune system by mechanisms such as down-regulating MHC and/or 

20 co-stimulatory molecule expression. Accordingly, one method of treatment previously 
proposed has been to remove tumor cells from the patient and introduce into them 
nucleic acids encoding, for example, MHC class II, the co-stimulatory molecule B7 and 
the stimulatory/adhesion molecule CD2 (see, for example, European Patent Application 
publication number EP 0 733 373 and references cited therein). Applying the discovery 

25 disclosed herein to those methods, introducing a nucleic acid molecule encoding an OX- 
40 receptor binding agent into tumor cells is expected to provide considerable benefit. 

All types of tumor are potentially amenable to treatment by this approach 
including, for example, carcinoma of the breast, lung, pancreas, ovary, kidney, colon and 
bladder, as well as melanomas and sarcomas. Nucleic acid molecules encoding a OX-40 

30 receptor binding agent are incorporated into a vector suitable for expression of the OX-40 
receptor binding agent in tumor cells. Suitable vectors include plasmid, cosmid and viral 
vectors, such as retroviruses, adenoviruses and herpesviruses. Disabled viruses, such as 
those described in U.S. Patents Nos. 5,665,362 and 5,837,261 may be employed for 
this purpose. Because of the high efficiency with which viral vectors infect mammalian 

35 cells, viral vectors are expected to offer advantages over other vector types. In addition 
to a nucleic acid molecule encoding an OX-40 receptor binding agent, other nucleic acid 
molecules may also be introduced into the vector to further enhance the immunogenic 
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effect. By way of example, such other nucleic acid molecules include nucleic acids 
encoding MHC class II proteins (including a and p subunits), and other co-stimulatory 
molecules, such as B7.1 and B7.2. If desired, a nucleic acid molecule encoding a 
selectable marker may also be introduced into the vector, such that those tumor cells 
5 successfully transformed with the vector can be readily selected. 

The vector is then introduced into the tumor cell by one of a range of techniques, 
such as electroporation, lipofection, co-cultivation with virus-producing cells, or other 
standard means. In a preferred embodiment, the tumor cells are cells removed from the 
patient to be treated, but the tumor cells may alternatively be cells from a tumor cell line, 
10 such as the human tumor cell lines available from the American Type Culture Collection 
(ATCC). 

If it is desired to screen the cells to select those into which the vector was 
introduced, this may be achieved by a number of means, including selecting for 
expression of the selectable marker if one is used, or screening for expression of the OX- 

1 5 40 receptor binding agent on the surface of the cells. This latter procedure may be 
conveniently performed using a fluorescence activated cell sorter (FACS). 

The tumor cells are subsequently administered to the patient in combination with 
a suitable carrier such as buffered water, saline, or glycine. In a preferred embodiment, 
where the tumor cells are cells originally removed from the patient, they are attenuated 

20 before being administered to the patient. An attenuated cell is one which is metabolically 
active but which is no longer able to proliferate. Methods for attenuating tumor cells are 
well known and include those described in EP 0 733 373. 

In an alternative embodiment, cell membranes from the tumor cells, which 
include the OX-40 receptor binding agent may be administered to the patient instead of 

25 intact tumor cells. A cell membrane preparation can readily be prepared by disrupting or 
lysing the cells using standard techniques, such as a French Press, freeze-thawing, or 
sonication. Following disruption of the cells, a membrane enriched fraction may be 
obtained by centrifugation. 

Nucleic acid molecules encoding an OX-40 receptor binding agent may 

30 alternatively be administered directly to the patient in the form of "naked" DNA, such that 
expression of the OX-40 receptor binding agent occurs in the patient's body. Methods of 
administering naked DNA to animals in a manner to cause expression of that DNA in the 
body of the animal are well known and are described, for example, in U.S. Patents Nos. 
5,620,896 (Univ Massachusetts Med Ctr: JE Herrmann et al.; "DNA vaccines against 

35 rotavirus infections"), 5,643,578 (Univ Massachusetts Med Ctr & St Jude Children's Res 
Hosp: HL Robinson et al.; "Immunization by inoculation of DNA transcription unit") and 
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5,593,972 (Wistar Inst & Univ of PA: DB Weiner et al.; "Genetic immunization"), and 
references cited therein. 

The present invention also encompasses other immunotherapy methods for 
treating conditions such as cancer, including adoptive immunotherapy. As is known in 
the art, adoptive immunotherapy involves obtaining lymphoid cells exposed to a particular 
antigen, culturing those cells ex vivo under conditions whereby the activity of the cells is 
enhanced, and then administering the cells to an individual. The lymphoid cells are 
preferably T-cells removed from a cancer patient, for example T-cells from a draining 
lymph node. The present invention teaches that engaging the OX-40 receptor on these 
cells with an OX-40 receptor binding agent will stimulate these cells and enhance the 
number of memory cells produced from these cells. Accordingly, one aspect of the 
present invention is a form of adoptive immunotherapy in which the incubation of 
lymphoid cells ex vivo is performed in a medium containing an OX-40 receptor binding 
agent prior to administration of the cells to a patient. The technical details of methods 
for obtaining lymphoid cells, ex vivo cultivation of such cells with immune stimulants, 
and administration to patients are known in the field and are described, for example in 
U.S. Patent Nos. 4,690,915 (US DHHS: SA Rosenberg; "Adoptive immunotherapy as a 
treatment modality in humans"), 5,229,115 (Immunex: DA Lynch; "Adoptive 
immunotherapy with interleukin-7"), 5,631,006 (Endotronics: GB Melink et al.; 
"Immunotherapy protocol of culturing leukocytes in the presence of interleukin-2 in a 
hollow fiber cartridge", and 4,902,288 (M Ingram; "Implantable immunotherapy system 
using stimulated cells"), and references cited therein. 

3. Examples 

The following examples illustrate methods and materials of use in connection 
with the present invention, and also indicate efficacy of the present invention. 

Example 1 : Stimulation of Antigen-Specific 

T-cell with OX-40 Receptor Binding Agent 

To demonstrate that OX-40 receptor binding agents can stimulate antigen- 
specific T-cells, in vitro T-cell proliferation assays were conducted using myelin basic 
protein (MBP) specific T-cells and anti-OX-40 mAb as the OX-40 receptor binding agent. 

After expansion in RPMI and 10% FCS, MBP-specific T cells were harvested, 
washed, counted and resuspended in media for use in the T-cell proliferation assay 
described by Vandenbark et al. (1985). 2x10 5 T cells were stimulated in 96-well flat 
bottom plates for 48 hours in stimulation medium, and pulsed for 18 hr with 1 pCi[ 3 H]- 
TdR. The cells were harvested and mean thymidine incorporation (cpm) was calculated 
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from triplicate wells. Monoclonal antibodies to rat CD3, OX-40, and CD28 were 
commercially obtained from Pharmingen (La Jolla, CA). 

To examine the effect of 0X-40L on T-cell proliferation in vitro, T-cells were 
seeded in a 96-flatwell plate at 2x10 5 /well and stimulated with 10 ug/ml of either soluble 
5 or plate-bound anti-CD3 plus increasing concentrations of anti-OX-40 antibody. The cells 
were cultured for 48 hr, labeled with 3 [H]-thymidine for 18 hr, and were then harvested 
and counted. The results, shown in Fig. 2, are presented as mean CPM with standard 
deviation calculated from triplicate wells. The results indicate that the OX-40 receptor 
binding agent (i.e., the anti-OX-40 mAb) produced a dose-dependent 
10 costimulation/stimulation (mitogenesis) of the MBP specific CD4 + T-cells. 

Example 2: OX-40 Receptor Engagement is at Effector Stage 

To determine the stage of T-cell development (i.e., naive or effector cell) at 
which OX-40 receptor engagement is effective, a fibroblast cell line expressing the 

1 5 murine IE k MHC class II molecule was utilized (Dubey et al. v 1995). This cell line can 
present antigen (pigeon cytochrome c, (PCC)) to T-cells from the T-cell receptor 
transgenic mice described by Kaye and Hedrick (1989). Using this cell line, a transgenic 
fibroblast cell line was produced which expresses OX-40 ligand and can stimulate splenic 
CD4 + T-cells from the T-cell receptor transgenic mice. 

20 Experiments comparing the effect of stimulating naive T-cells taken directly from 

the mice with PCC antigen in combination with fibroblasts expressing (1) MHC class II 
alone, (2) MHC class II and B7.1, (3) MHC class II and OX-40 ligand, or (4) MHC class II, 
OX-40 ligand and B7.1 showed that the MHC class ll/OX-40 ligand/B7.1 combination 
was the best stimulator of naive T-cells (data not shown). 

25 Thereafter, naive T-cells taken directly from the animals were stimulated with 

PCC antigen and fibroblasts expressing MHC class II and B7.1, to produce effector cells. 
These effector cells were then expanded in IL-2 for 5 days, washed and restimulated 
with PCC antigen and in combination with fibroblasts expressing (1) MHC class II alone, 
(2) MHC class II and B7.1 or (3) MHC class II and OX-40 ligand. The experiment was 

30 performed using three different ratios of APC:T-cells, and the effect of this second 

stimulatory event was measured by quantifying IL-2 production. The results, depicted in 
Fig. 3, showed that presentation of the antigen by APCs expressing MHC class II and the 
OX-40 ligand was the most potent stimulator of the effector stage T-cells. Accordingly, 
it appears that OX-40 receptor engagement is more important at the effector T-cell 

35 stage, suggesting that engagement of the OX-40 receptor plays a role in the 

development of CD4 + T-cells at the effector stage and may enhance memory cell 
development. This clearly differentiates the effect of costimulation by 0X-40L from co- 



WO 99/42585 PCT/US99/03908 

-23- 

stimulation by previously described co-stimulatory molecules, which act at the naive cell 
to effector cell transition. 

Example 3: OX-40 Receptor Binding Agent Induces Tumor Resistance 

5 To demonstrate the effect of providing OX-40 receptor binding agent to T-cells 

during tumor priming in vivo, experiments were performed using soluble OX-40L fused 
to the Fc portion of human IgG COX^OLHuFcIgG") as the OX-40 receptor binding 
agent. 

The inoculation protocol for this series of experiments was performed by 

10 subcutaneously inoculating mice on day 0 with between 1-3 x 10 s MCA 303 sarcoma 
tumor cells (Huntzicker & Fox, 1 995). Three days later the animals were given 
intraperotineal injections with OX-40L:HuFclgG, and were given a second dose on day 
7 after tumor inoculation {the dose varied depending upon the experiment, see details 
below). The animals were then monitored for tumor growth for 50 days or greater. 

15 Animals were sacrificed when the tumors became 0.3 in 2 in size. 

Figure 4 shows the remarkable effect of soluble OX-40 ligand injected i.p. on 3 
day established tumor. Six animals were injected with 3 x10 5 MCA 303 tumor cells 
that were in vitro passaged. Three animals received 100 pg in 500 pi of RPMI of 
soluble murine OX-40 ligand i.p. and three animals received 500 pi of RPMI alone, 

20 three and seven days after tumor inoculation. The animals were monitored for signs of 
tumor for 50 days post-inoculation. As shown in Fig. 4, while all of the animals that 
received tumor cells with no OX-40L died within 38 days, the animals that did receive 
OX-40L remained tumor-free. 

Thereafter, animals that had been treated with soluble OX-40 ligand during 

25 tumor priming and had become resistant to tumor challenge were depleted of CD8 + T 
cells by administration of anti-CD8 i.p. These animals were sacrificed and their 
splenocytes were isolated and phenotyped to show that the CD8 + T cells were 
depleted. The spleen cells were adoptively transferred into naive mice (1 spleen 
equivalent/mouse), and the recipient mice were challenged with MCA 303 tumor 9 

30 days post-transfer. An equivalent cell number of MCA 303 tumor was inoculated into 
control naive mice and all animals were monitored for signs of tumor for 50 days post- 
inoculation. As shown in Fig. 5, while all animals receiving only the tumor cells died 
within 31 days of administration of the tumor cells, all of the animals receiving the 
transferred splenocytes from tumor-immune animals remained healthy. This experiment 

35 indicates that the effect of administering the OX-40 receptor binding agent to the mice 
along with the tumor cells produces a sufficient population of tumor antigen specific 
memory T-cells to confer immunity after adoptive transfer. It is therefore evidence that 
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co-stimulating effector T-cells by engaging the OX-40 receptor is important in the 
effector/memory cell transition. 

Example 4: OX-40 Receptor Binding Agent Confers 
5 Resistance to In Vivo Passaged Tumor Cells 

The protection conferred by administration of OX-40L described in Example 3 

was against in vitro passaged tumor cells. Since in vivo passaged tumor cells are 

significantly more tumorigenic, the ability of OX-40L to confer protection against in 

vivo passaged cells was examined. Ten animals were injected subcutaneously with 1 x 

10 10 5 MCA 303 cells that were passaged in vivo. Five animals were injected i.p. with 
100 pg of soluble OX-40 ligand and five animals were injected with the same volume 
of RPMI, three and seven days after tumor inoculation. The animals were followed for 
signs of tumor 80 days post tumor inoculation. The results, shown in Fig. 6 indicate 
that administration of OX-40L confers enhanced protection even against the highly 

15 tumorigenic in vivo passaged tumor cells. 

The ability of OX-40L to confer protection against in vivo passaged tumor cells 
was also examined using differing doses of 0X-40L. Twenty animals were injected 
subcutaneously with 1 x 10 5 in vivo passaged MCA 303 tumor cells. The animals 
were separated into 5 groups and were injected with increasing amounts of the soluble 

20 OX-40 ligand i.p. on days 3 and 7 after tumor inoculation. The control group received 
RPMI, while the dose titration was performed with 25, 50, 100, and 250 \xg 0X-40L 
per injection. The animals were followed for signs of tumor for 66 days post tumor 
inoculation. The results, shown in Fig. 7, indicate that the enhanced tumor resistance 
exhibited by animals receiving OX-40L is dependent on the dose of OX-40L received, 

25 and that, even against the virulent in vitro passaged tumor cells, 50% survival is 
achievable with higher doses of OX-40 receptor binding agent. 

Example 5: OX-40 Receptor Binding Agents 
as Component of Tumor Vaccine 

30 This Example demonstrates the efficacy of OX-40 receptor binding agents in 

tumor vaccines. A B16-melanoma mouse cell line, F10, which does not express MHC 
class II or the OX-40 ligand was transfected (with Lipofectin) with the cDNAs for the 
OX-40 ligand and CIITA. The CIITA cDNA codes for a protein that binds to the MHC 
class II promoter and potentiates the synthesis and cell surface expression of the 

35 endogenous MHC class II genes. These two genes were co-transfected into the 

parental F10 line and three variants were isolated; 1) MHC class H + , 2) OX-40 ligand + 
and 3) MHC class ir and OX-40 ligand*. These transfection variants and the parental 
line were irradiated with 500 rads and injected subcutaneously into naive animals (2 x 
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10 6 cells/injection) and the vaccination procedure was repeated 14 days later. The 
immunized animals were challenged with the F10 parental cell line (5 x 10 5 /animal) 
injected subcutaneously. 

Figure 8 shows the result of an experiment in which naive animals were 
5 injected with irradiated parental F10 tumor, F10 tumor that is hygromycin resistant, 
F10 expressing MHC class II alone, or F10 expressing MHC class II and OX-40 ligand. 
Two weeks later these animals were challenged with live parental F10 tumor and the 
animals were followed for signs of tumor for 84 days. As shown in Fig. 8, animals 
that received no initial immunization succumbed quickly to the F10 tumor cells, 

10 whereas initial immunization with the irradiated F10 tumor conferred some degree of 
protection. Greater protection was seen with animals that were immunized with the 
irradiated F10 cells expressing MHC class II, and maximal protection was observed 
when immunization was performed using F10 cells expressing both MHC class II and 
OX-40L. This result is expected since F10 cells which do not express MHC class II 

15 would be greatly impaired in their ability to interact with the T-cell receptor. Many 

tumor cells down-regulate or completely abolish MHC class II expression. Therefore, in 
clinical application, it may be advantageous to transform tumor cells removed from a 
patient with nucleic acid molecules encoding MHC class II and an OX-40 receptor 
binding agent, before the cells are returned to the patient. 

20 

Examples 6-9 

In the following further examples, the OX-40 receptor (OX-40R) was engaged 
with either OX-40 ligand (0X-40L) or an antibody agonist to deliver a costimulatory 
signal to effector T cells, and this was observed to enhance a tumor-specific T cell 

25 response. Injection of OX-40L:lg or anti-OX-40R in vivo during tumor priming led to a 
percentage of tumor-free survivors (20-55%) from 4 different tumors derived from 4 
separate tissues. The anti-OX40R effect was dose-dependent and accentuated tumor- 
specific T cell memory. The data of these examples is believed to indicate that 
engagement of the OX-40R in vivo augments tumor-specific priming by 

30 stimulating/expanding the natural repertoire of the host's tumor-specific T cells. The 
appearance of OX-40 + T cells clustered around human tumor cells in vivo also is 
believed to indicate that this is a practical approach to expand tumor reactive T cells 
and thereby enhance tumor immunotherapy in patients with cancer. 



35 



Example 6: OX-40R Expression In Human Breast Cancer 

In order to determine the spatial relationship between OX-40R+ T cells and 
tumor cells, several human breast cancer biopsies were examined by 
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immunohistochemistry. Both primary tumors and tumor invaded lymph nodes were 
analyzed for CD4 + and OX-40FT cells. Fig. 9 is a representative sample from two 
separate patients both with infiltrating ductile breast carcinoma. Panel A depicts tumor 
infiltrating lymphocytes within a 1° tumor, while panel B depicts a tumor infitrated 
5 lymph node. Panel A shows that CD4* cells are infiltrating the tumor around the outer 
edge of the surgical specimen. The OX-40FT cells were visualized (at higher 
magnification) and were a subset of the invading lymphocytes which were in close 
proximity to the tumor cells. A number of the OX-40R 4 cells appear to be larger 
(blasts) with some exhibiting the appearance of lymphocytes undergoing mitosis. Panel 

10 B depicts a lymph node where more than half of the architecture has been invaded by 
the tumor. There is an abundance of CD4* cells that surround the invading tumor. 
The OX-40FT cells were found concentrated in areas directly adjacent to the invading 
tumor cells. There were OX-40R + cells also found in areas that were not invaded by 
tumor, but the highest percentage were found closest to the site of tumor infiltration. 

15 It is believed that OX-40FT cells within these tissue sections most likely represent 
tumor-specific T cells. 

Example 7: Engaging The OX-40R In Vivo 

During Tumor Priming (Sarcoma) 

20 Without wishing to be bound by theory, it is believed that 0X-40R + cells at the 

tumor site or draining lymph nodes are most likely tumor-specific T cells in vivo. 
Engaging the OX-40R is believed to cause a potent costimulatory response leading to T 
cell proliferation, increased cytokine production, and enhanced survival of effector T 
cells. Figure 10 shows results of tests designed to investigate whether engaging the 

25 OX-40R in vivo during tumor priming would lead to an enhanced anti-tumor specific 
response. Figure 10 depicts mice that were injected with a lethal inoculum of MCA 
303 (methyl-cholanthrene induced sarcoma) subcutaneously (s.c.) and were treated 3 
and 7 days later with either mOX-40L:lg, DR3:lg, or saline. Mice treated with DR3:lg 
had to be sacrificed due to tumor growth with similar kinetics as the mice receiving 

30 saline. In contrast, mice that received mOX-40L:lg were all delayed in tumor growth 
and 60% remained tumor-free for greater than 70 days. The mOX-40L:tg protected 
mice were rechalienged with MCA 303 tumor s.c. and the mice remained tumor-free, 
believed to indicate that they had developed a tumor-specific memory T cell response. 
Mice injected with MCA 303 were then subjected to a dose-titration of mOX- 

35 40L:lg on days 3 and 7 post-tumor inoculation. Mice that received 25 or 50 micro-g of 
mOX-40L:lg had to be sacrificed due to tumor growth in a similar time frame as the 
control saline-treated mice. Fifty percent of the mice receiving 100 micro-g of mOX- 
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40L:lg experienced a delay in tumor growth, while 100% of the mice receiving 250 
micro-g were delayed in tumor growth. Ultimately, 25% of the 100 micro-g group and 
50% of the 250 micro-g group were tumor-free for more than 70 days post-tumor 
challenge. It should be noted that the MCA 303 tumor line gets more tumorigenic and 
5 less immunogenic the more times that it is passaged in vivo. The MCA 303 tumor line 
in Fig. 1 1 had been passaged more times in vivo than Fig. 10, therefore the 0X40L:lg 
treatment is believed to have given a slightly lesser amount of effect at the 100 micro- 
g dose. 

Fig. 12 shows the fate of mice inoculated with in vitro passaged MCA 303 and 
10 then treated with mOX-40L:lg (in vitro passaged MCA 303 was easier to treat). Mice 
were inoculated with tumor s.c. and injected with mOX-40L:lg on days 3 and 6 post- 
tumor inoculation. Panel 4A shows that all the mOX-40L:lg treated mice survived the 
initial tumor challenge while all the mice injected with saline had to be sacrificed due to 
excessive tumor burden. The mOX-40L:lg treated mice that survived the initial tumor 
15 challenge (Fig. 12. A) were then rechallenged with MCA 303 and all the mice were 
immune to the second challenge for 53 days (data not shown). These same animals 
were then inoculated with MCA 303 s.c. and 10 days later were depleted of CD8 cells 
by injecting an anti-Lyt 2 intraperitoneal^ (i.p.) Three days later these mice were 
sacrificed and shown to be devoid of CD8 cells (<2%) in the spleen and 1.45 x 10* 7 
20 of these spleen cells were transferred into naive mice. Fifteen days later the mice were 
challenged with MCA 303 s.c. and Fig. 12B shows that the mice receiving the CD8 
depleted immune cells were resistant to tumor challenge while the control mice had to 
be sacrificed due to tumor burden. 

25 Example 8: OX-40R Specific Treatment in a 

Weakly Immunogenic Tumor Model (B16/F10) 

The F10 variant of the B16/B16 melanoma line does not elicit a protective 

immune response when injected as an irradiated vaccine s.c. (data not shown), and has 

therefore been characterized as a weakly immunogenic tumor. Figure 13 shows results 

30 of tests designed to determine if engaging the OX-40R during tumor priming would 
enhance immunity to this aggressive tumor. Fig. 1 3A shows that treating mice with 
mOX-40L:lg on days 3 and 7 post-inoculation with F10 was effective compared to the 
control mice (approximately 25% survived tumor challenge long-term). Fig. 13B shows 
that a separate reagent that binds to the OX40R (monoclonal Ab OX-86) delivered at 

35 the same dose enhanced tumor-free survival to a similar level as mOX-40L:lg. The 

percentage of tumor-free mice for the Ab treatment was very similar to OX-40L:lg and 
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both reagents were shown to provide statistically relevant tumor protection by log rank 
analysis <p = .007 (Ab) and .05 (mOX40L:!g». 

Example 9: Enhancement of Anti-Tumor 
5 Immunity in Colorectal Cancer Model (CT26) 

A similar protocol was designed to treat mice with CT26 tumor cells injected 

s.c. as described above (mOX-40L:lg - two dose regimen). HuOX-40L:lg was used as 

a negative control because it does not bind to the murine OX-40R. In an initial 

experiment the two dose regimen was able to enhance tumor-free survival significantly 

10 p = .04 (data not shown). The identical experiment was then performed as above 
except with multiple injections after tumor inoculation (injections given on days 2, 7, 
14, 21, 27, and 40). Fig. 14A shows that multiple injection was beneficial to tumor- 
free survival with a p-value of higher confidence (p = .01) than the two injection dose 
scheme. Seven of the surviving mice from the mOX-40L:lg treated group were then 

15 rechallenged with CT26. Fig. 14B shows that all of the mOX40L:lg mice resisted the 
challenge and remained tumor-free, while all the naive control mice succumbed to the 
tumor challenge. The 7 tumor-free mice were then rechallenged with a syngeneic 
tumor from a different tissue origin {Renca - renal origin) to test for a tumor-specific 
response. Six of 7 of the CT26 resistant mice had to be sacrificed due to tumor 

20 burden associated with the Renca tumor, which is believed to indicate that the CT26- 
resistant mice had specificity for tumor antigens associated with colon cancer. 

Summary of Examples 6-9: 0X-40R Engagement During Tumor Priming 

Table I summarizes the data in four tumor models, examples 6-9, in which 
25 0X40R was engaged during tumor priming. The data suggest that the more 

immunogenic tumors respond to a greater degree to the therapy, but still a degree of 
therapeutic results was also seen in the poorly immunogenic melanoma model (F 10). 
Data for all the tumor lines have been shown in the previous figures except for the 
SM1 breast cancer line. The SM1 tumor cell line is weakly immunogenic (data not 
30 shown). Mice that have been injected with the SM1 tumor and subsequently 

OX40L:lg on days 3 and 7 post-tumor inoculation had enhanced anti-tumor activity as 
shown by the increase of tumor-free survival. The SM1 data was subjected to log-rank 
statistical analysis and shown to be significant with a p value = .01. 
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Table I: 

Examples 6-9: Summary of OX-40R Engagement During Tumor Priming 



Tumor Origin 


Immunogenicity 


Treatment 


Tumor Free/ 
Injected Mice 


MCA 303 

ivi WW%J 

(Sarcoma) 


iviuuci ale 


muA-*fUL.ig 
saline or DR3:lg 


y/ 1 o 
0/16 


CT26 

(Colon Carcinoma) 


Moderate 


mOX-40L:lg 
hOX-40L:lg 


9/24 
2/24 


SM1 

(Breast Cancer) 


Weakly 


mOX-40L:lg 
saline 


7/28 
1/28 


B 1 6/FIO 
(Melanoma) 


Poorly 


mOX-40L:lg 
saline 

antiOX-40R 
rat Ig 


5/20 
0/20 
5/25 
0/25 



20 

It is believed that engaging the OX-40R in vivo during tumor priming showed a 
significant therapeutic benefit in several tumor models. The effect was dose dependent 
and created long-lasting tumor-specific immunity in the mice that were cured from the 

25 initial tumor challenge. Other data showing that the OX-40R + cells within the 

inflammatory lesions in EAE were the T cells that responded to autoantigen suggest that 
the experiments described here were targeting the tumor-Ag specific cells with the OX- 
40R-specific therapy. It has been shown that engaging OX-40R in vitro causes a potent 
costimulatory event that enhances T cell cytokine production, proliferation, and survival. 

30 Therefore engaging the OX40R during tumor priming is believed to be enhancing tumor- 
Ag specific CD4 + T cell expansion and function leading to tumor-free survival. The 
appearance of OX-40R + T cells adjacent to tumor cells in breast cancer biopsies suggests 
that these findings can be applied in human clinical trials with similar therapeutic effects. 
Engaging OX-40R in vivo during tumor priming led to a percentage of tumor-free 

35 mice in 4 different solid tumors eminating from for 4 separate tissue types. The data 

suggest that 0X-40R based therapy can generally enhance the immune system, not only 
for tumor immunity, but also as an immunologic adjuvant for all vaccine types (viral, 
bacterial, etc.). 0X-40R-specific immune enhancement has been described with a 
showing that an antibody to the OX-40R, delivered in vivo, could exacerbate 

40 autoimmune disease and convert a chronic form of GVHD to acute GVHD. 

It is believed that huOX-40L:lg fusion protein is an example of a protein 
applicable to the present invention that can be used in human clinical trials and can 
stimulate human T cells in vitro. Both the antibody and the soluble OX-40L fusion 
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protein can work with similar potency in the tumor models mentioned here (Fig. 13 and 
other data not shown), but it is possible that the antibody may have some advantage in 
the future if it turns out to be less immunogenic and to have a longer-half life in vivo. 
Enhancement of tumor immunity with antibodies such as anti-4-1BB or anti- 
5 CTLA4 are other examples of T cell activation antigens which when triggered or blocked 
enhance tumor-specific immunity. Like the OX-40R, the 4-1 BB receptor was originally 
described as a T cell activation antigen that is a member of the TNF-receptor family and 
has potent costimulatory properties. The 4-1 BB receptor is expressed on CD8 and CD4 
T cells as well as NK cells. The 4-1 BB receptor costimulatory function appears to be 

10 primarily effective on CD8 + T cells, and engagement of this receptor during tumor 

priming led to a 50-fold increase in tumor-specific CD8 + T cell cytolytic function and 
enhanced tumor-free survival. The CTLA-4 protein is expressed on both CD8 and CD4 T 
cells and when engaged by its ligand(s) (B7.1 or B7.2) induces a down-regulatory signal 
to the T cell. Antibodies that block CTLA-4/B7 interaction enhance Ag-specific T cell 

1 5 function and can ultimately enhance tumor specific immunity. The OX-40R specific 

therapy was potent on its own but has not yet led to 100% tumor-free mice, therefore 
therapy combining anti-CTLA4 or anti-4-1BB with anti-OX-40R engagement according to 
the present invention may provide advatageous embodiments of the present invention, to 
accentuate Ag-specific T cell therapy. Alternative tumor-specific T cell therapies can 

20 combine two or more of these antibodies during tumor priming with the aim of enhancing 
both CD4 and CD8 Ag-specific effector/memory T cell responses. 

In vivo engagement of the 0X-40R during Ag-specific priming is believed to 
increase the number and life-span of Ag-specific CD4 + T cells (data not shown). Most T 
cells become susceptible to activated induced cell death (AICD) after encountering Ag at 

25 the effector T cell stage and only a few go on to become memory T cells. It is believed 
that engaging the OX-40R during tumor priming targets the tumor-reactive CD4 + T cells 
and spares them from AICD. Increasing numbers of Ag-specific cells allows the mice to 
stay tumor-free and fight a secondary tumor challenge. Fig. 1 1B shows that OX-40R 
treated tumor-immune mice can confer anti-tumor immunity through the adoptive transfer 

30 of CD8-depleted spleen cells. This data suggest that there is an increase and/or 

enhancement of tumor-Ag specific memory CD4 + T cells and they are able to transfer 
adoptive protection. CD4* T cells may not be the ultimate effector cells that interact 
with the tumor because in all four models the tumor cells do not express MHC class II. 
Nevertheless enhanced cytokine production by tumor Ag-specific CD4 + T cells may be 

35 effective by helping to activate CD8* T cells, NK cells, and macrophages which in turn 
can directly interact with and destroy tumors. 
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0X-40R is believed only to be expressed on CD4 + T cells isolated from the 
inflammatory site in cancer and autoimmune disease and is turned over quite rapidly 
(within 24-48 hr). However, it has been shown that both CD4 and CD8 T cells can 
express 0X-40R if stimulated in vitro with Con A or PHA. It appears that the only way 
5 to upregulate OX-40R expression on T cells is through TCR engagement. Even in highly 
inflammatory situations, such as superAg stimulation, there appears to be no bystander 
upregulation of the OX-40R on Ag non-specific cells. In mice injected with the 
superantigen SEA, the OX-40R is only expressed on Vbeta3/CD4 + T cells which is the 
target TCR for this superAg. Therefore, it is believed that engaging the OX-40R during 

10 tumor priming in vivo targets the most recently Ag-activated T cells. 

It has been shown that inflammation associated with superAg stimulation and 
clinical signs of EAE involves the production of Th1 cytokines. It is believed that 
engaging the OX-40R on Th1 lines can accentuate T cell proliferation by upregulating 
transcription and translation of IL-2, and that effector T cells appear to be more sensitive 

15 to OX-40R specific costimulation than naive T cells. Effector T cells that have been 
differentiated to produce either Th1 or Th2 cytokines are both sensitive to 0X-40R- 
specific costimulation. Engaging the OX-40R on Th2 effector cells increased translation 
and secretion of IL-4 and IL-5 and enhanced their proliferation. Two reports recently 
showed that engaging the OX40R can polarize cells to the Th2 phenotype. Our data 

20 suggest that T cell polarization is dependent on the cytokine milieu that is surrounding 

the T cells during differentiation and engaging the OX-40R will accentuate both a Th1 or 
Th2 response. It has been shown that an anti-tumor Th2 immune response does not 
lead to tumor eradication, but a type 1 response does. Therefore, it is expected that it 
will be advantageous to enhance Th1 responses during tumor priming (with IL-12, IFN- 

25 gamma, and/or anti-IL-4) in order to get optimal anti-tumor immune response when 
administering reagents that engage the OX-40R in vivo. 

0X40L is expressed only on activated antigen presenting cells such as B cells, 
dendritic cells, endothelial cells, and macrophages. In vivo expression of the OX-40L 
appears to occur in highly inflammatory situations such as infection of mice with MMTV 

30 (draining LN) or in mice with EAE on macrophages isolated from the inflamed organ 

(brain). Even in normal primary T cell responses such as immunization with Ag in CFA 
OX-40L expression was quite low on spleen macrophages. The OX-40R is expressed 
every time a T cell is triggered through the TCR, therefore the potent OX-40R 
costimulatory effects might be regulated by the inaccessibility of the OX40L on APC. 

35 The immune system has evolved to generate an immune response to clear foriegn 
entities rapidly, and then readily downregulate itself. Since OX-40L-mediated 
costimulation is quite potent at the effector T cell stage, it may only be neccessary in 
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cases where a massive invasion occurs which in turn causes a long-lasting inflammation. 
Aggressive tumors downregulate immune responses through immunosupressive 
mechanisms, therefore the APC near the tumor site probably do not express the 0X40L. 
It is believed that tumor-specific immune responses were being enhanced in the 
5 experiments described above by adding a signal that engages the OX-40R in vivo and 
therefore a percentage of the tumor challenged mice were able to remain tumor-free. 

In summary, in Examples 6-9 above, engaging the OX-40R during tumor priming 
is believed to have been effective to delay and prevent the appearance of tumors as 
compared to control treated mice. The 0X-40R effect was dose dependent and was 

10 observed in a variety of immunogenic and non-immunogenic tumor models. OX40R 
expression was found on T cells localized at the tumor site in several different human 
cancers (melanoma, head and neck, and breast cancer (see e.g. Fig. 9)). Examination of 
the physical relationship of the OX-40R + T cells to breast cancer cells in both a 1° tumor 
and a tumor invaded lymph node indicated that the OX-40R + T cells were concentrated 

15 in areas surrounding the tumor and it is believed that they are tumor-specific T cells. The 
combination of the OX-40R therapeutic data in the mouse tumor model and the 
appearance of OX-40R + in tumor bearing patients is believed to indicate immune tumor- 
reactivity can be enhanced with reagents designed engage the OX-40R in patients with 
cancer. The data are believed to indicate that engaging 0X-40R especially for example 

20 during Ag-specific priming can be a useful adjuvant in a wide variety of vaccine settings. 

The foregoing examples further illustrate the present invention, but are not 
limiting. Numerous variations and modifications can be made in the methods and 
compositions disclosed herein, and such variations and modifications are encompassed 
within the invention. The present disclosure also extends to combinations and 

25 subcombinations of the features mentioned and described herein. The documents 
referred to are hereby incorporated by reference in their entirety for all purposes. 
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Claims: 

1 . Use of an OX-40 receptor binding agent, or of a nucleic acid encoding an 
OX-40 receptor binding agent, in the manufacture of a pharmaceutical composition for 
enhancing immune response against an antigen in a mammal, which is either a tumour 

5 antigen, or an antigen for which the composition is administered so as to present the 
OX-40 receptor binding agent to T-cells of the mammal during or shortly after priming of 
the T-cells by the antigen. 

2. Use according to claim 1 wherein the OX-40 receptor binding agent is 
selected from OX-40L, anti-OX-40 antibodies, and immunologically effective portions of 

1 0 anti-OX-40 antibodies. 

3. Use according to claim 2 wherein the anti-OX-40 monoclonal antibody is 
a humanized monoclonal antibody. 

4. Use according to claim 1, 2 or 3 wherein the antigen is selected from 
viral antigens, bacterial antigens and tumor antigens. 

1 $ 5. Use according to claim 1 wherein a purified OX-40 receptor binding agent 

and a pharmaceutical^ acceptable carrier is used in the manufacture of a pharmaceutical 
composition for enhancing the immune response of a mammal to an antigen by 
administering the composition to the mamma! to present the OX-40 receptor binding 
agent to T-cells of the mammal during or shortly after priming of the T-cells by the 

20 antigen. 

6. Use according to claim 5 wherein the OX-40 receptor binding agent is 
administered to the mammal about 3-7 days after administration of the antigen. 

7. Use according to any preceding claim wherein said composition is for 
enhancing the immune response of a mammal to a tumour cell in the mammal. 

25 8. Use according to claim 7 wherein the OX-40 receptor binding agent is 

selected from 0X-40L, anti-OX-40 antibodies, and immunologically effective portions of 
anti-OX-40 antibodies. 

9. Use according to claim 7 or 8 wherein the anti-OX-40 monoclonal 
antibody is a humanized monoclonal antibody. 

30 10. Use according to claim 1, wherein a nucleic acid encoding an OX-40 

receptor binding agent that is localised on the surface of a cell in the manufacture of a 
composition for introducing the nucleic acid into a cell and enhancing the immunogenicity 
of the cell. 

1 1 . Use according to claim 10 wherein the cell is a tumor cell. 
35 12 - Use according to claim 11 wherein the nucleic acid further encodes a 

second protein. 
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13. Use according to claim 12 wherein the second protein is selected from: 
major histocompatibility complex proteins, cytokines, interferons and immune-system 
co-stimulatory molecules. 

14. Use according to any of claims 10-13 wherein the nucleic acid encoding 
5 the OX-40 receptor binding agent is part of a viral or plasmid vector. 

15. Use according to claim 14 wherein the viral vector is selected from 
adenoviruses, retroviruses and herpesviruses. 

16. Use according to claim 14 or 15 wherein the viral vector is an attenuated 
or disabled virus. 

10 17. Use according to claim 1, wherein a nucleic acid which encodes an 

OX-40 receptor binding agent that is localised on the surface of a cell, along with 
tumor cells from a mammal, is used in the manufacture of a pharmaceutical composition 
for for stimulating the immune response of a mammal to a tumor in the mammal by (a) 
removing tumor cells from the mammal; (b) attenuating the removed tumor cells; (c) 

15 introducing the nucleic acid into the attenuated tumor cells; and (d) administering the 
thus-treated attenuated tumor cells containing the nucleic acid molecule to the mammal. 

18. Use according to claim 17 wherein the OX-40 receptor binding agent is 
OX-40L. 

19. Use according to claim 17 or 18 wherein attenuating the tumor cells is 
20 performed prior to introducing the nucleic acid molecule. 

20. Use according to claim 17 or 18 wherein attenuating the tumor cells is 
performed after introducing the nucleic acid molecule. 

21. Use according to claim 1, wherein a nucleic acid which encodes an 
OX-40 receptor binding agent that is localised on the surface of a cell, along with T-cells 

25 from a mammal, is used in the manufacture of a pharmaceutical composition for 
enhancing the immune response of a mammal to an antigen by removing T-cells from the 
mammal, incubating the removed T-cells ex vivo with an OX-40 receptor binding agent, 
and returning the thus-treated T-cells to the mammal. 

22. Use according to claim 21 wherein the OX-40 receptor binding agent is 
30 selected from OX-40L, anti-OX-40 antibodies, and immunologically effective portions of 

anti-OX-40 antibodies. 

23. Use according to claim 21 or 22 wherein the mammal has a tumor, and 
the antigen is a tumor antigen. 

24. Use according to claim 1 wherein an OX-40 receptor binding agent or a 
35 nucleic acid encoding an OX-40 receptor binding agent is used in the manufacture of a 

pharmaceutical for enhancing immune response against a tumor in a mammal by 
increasing the amount of OX-40 receptor binding agent at the tumor site. 
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25. A tumor cell that has been transformed with a nucleic acid encoding an 
OX-40 receptor binding agent that is localised on the surface of the cell. 

26. A composition, comprising cell membranes isolated from a cell according 
to claim 25. 
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